Primordial black hole origin for thermal gamma-ray bursts by del Barco, Oscar
Primordial black hole origin for thermal gamma-ray bursts
O. del Barco
Department of Physics, University of Murcia, E-30100 Murcia, Spain
A binary black hole (BH) astrophysical scenario where a mass-constrained (10−17 − 10−11M) primordial
black hole (PBH) undergoes a spiral fall onto its heavier component (such as a supermassive black hole (SMBH))
is described as an intense gamma-ray emission event. As the infalling BH approaches the Schwarschild surface
of its companion, the PBH evaporation rate becomes more strongly enhanced due to the PBH blueshifted emis-
sion towards the SMBH, until a complete evaporation occurs before reaching the central BH horizon. Accord-
ingly, our numerically calculated PBH flux density Fν and νFν fluence spectrum show an increasing Planck-like
spectral dependence consistent with the first instants of thermal-dominant gamma-ray bursts (GRBs), providing
a plausible confirmation of such low-mass primordial ultracompact objects.
I. INTRODUCTION
Among all fundamental predictions of Einstein’s theory of
general relativity (GR)[1], probably the most intriguing one
is the existence of black holes, a region of spacetime with
so strong gravitational acceleration from which not even light
can escape. Soon after the publication of this fundamental GR
paper, Schwarschild detailed a spherically symmetric solu-
tion for Einstein’s field equations [2] which explained a static
black hole [3, 4]. In 1963 Kerr developed a more general solu-
tion to include rotating BHs [5] while Newman stated the ax-
isymmetric solution for a spinning electrically-charged black
hole [6]. Nevertheless, the fully comprehension of BH forma-
tion still prevails as an essential matter in the sought-after uni-
fication of GR and quantum physics [7, 8]. So far, experimen-
tal evidence for BHs derive from X-ray binaries containing an
accreting black hole [9], gravitational-wave observations from
a binary BH merger [10, 11] and more recently via the event-
horizon-scale images of the SMBH in the center of the giant
elliptical galaxy M87 [12].
Unlike the conclusive proof of supermassive black holes
existence, the search for primordial black holes (formed in
the early Universe through gravitational collapse of extremely
dense regions) is a subject of ongoing research for it has been
suggested that PBHs might constitute part of the missing dark
matter (DM) [13–16]. The mass of these unconventional black
holes (not formed in the final stages of stellar evolution) could
range in the 1016−1017 g, 1020−1024 g and 1−103M win-
dow [17], far beyond the SMBHs already evidenced. PBHs
smaller than 1015 g would have evaporated within the cur-
rent age of the Universe and might have a significant contri-
bution to the extra-galactic gamma-ray background [18, 19].
Presently, the gravitational-wave astrophysics is leading this
search for subsolar-mass BHs [20, 21] with an estimated pri-
mordial black hole population of 0.2 M to be less than 33%
of the total DM density [22], though recent research using
the gravitational lensing effect put various constraints on the
primordial black hole abundance [23]. Recent observational
limitations exclude the possibility for most of PBHs masses
with a remarkable exception around 10−12 M [24–26] re-
visiting the idea of PBH as all dark matter within this narrow
mass window. Nonetheless, to our knowledge, no experimen-
tal evidence of these primordial ultracompact objects has been
reported thus far.
It might be suggested the detection of the near-Planckian ra-
diation PBHs emit due to quantum effects near the event hori-
zon (i.e., the so-called Hawking radiation [27, 28]). However,
at different frequency ranges, the Hawking flux density of the
current PBHs (not still evaporated) might be extremely dim to
be measured by modern observatories due to the remarkably
low thermal emission. As an example, for an isolated 10−13
M PBH at 70 Mpc, the Hawking flux density (modeled as
a near-black body radiator) is peaked at 10−43 Jy. Recently,
Li et al. [29] studied the merger process of binary BHs when
the Hawking radiation exchange between themselves is taken
into consideration. As a fundamental result these authors con-
clude that, under the extreme mass ratio limit (i.e., when the
mass of one component is much greater than the other BH)
the evaporation process of the light BH increases dramatically
as it moves closer to the horizon of the heavier component. A
complete evaporation of the light BH is attained before reach-
ing the Schwarschild surface of the heavy BH.
In this article, a plausible astrophysical scenario is pre-
sented where the PBH Hawking radiation might be detected
in the gamma-ray frequency range. A mass-constrained PBH
(limited to the mass interval 10−17 − 10−11 M) experi-
ences a spiral fall onto a heavier BH, such as a supermassive,
intermediate-mass or even stellar-mass black holes. Though
other relativistic orbits are allowed in our model, this plung-
ing orbit results in a measurable Hawking gamma-ray emis-
sion, as later discussed. Consequently, the observed PBH flux
density shows a increasing blackbody spectral dependence as
it approaches the heavier BH event horizon, consistent with
thermal-dominant gamma-ray bursts. We consider that such
GRBs might constitute an indicator of the presence of PBHs.
The paper is organized as follows. In Sec. II we carry out an
exhaustive description of our binary BH model and develop
the theoretical framework to calculate the PBH flux density
Fν as it advances to the heavy BH horizon (taking into account
the finite size of the infalling PBH). A detailed numerical anal-
ysis concerning the Hawking flux density is performed in Sec.
III where the evolution of the maximum flux F (max)ν is studied
in detail as a function of the BHs masses. For completeness,
an astrophysical event involving an all-dark-matter PBH and
a recently discovered IMBH [30] is analyzed, with further de-
tails on the PBH Hawking radiation that this scenario might
produce and its likely relation to thermal-like GRBs. Finally,
we summarize our results in Sec. IV.
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2II. BINARY BHMODEL AND PBH FLUX DENSITY
CALCULATION
Let us consider the binary black hole scenario described
in Fig. 1(a) where a PBH of mass MP moves towards a
Schwarschild-type massive BH of mass MC (hereafter, the
central black hole (CBH)) at distance ds from the Earth.
Whereas a considerable number of SMBHs possess a high
spin parameter a∗ (i.e., a∗ ≥ 0.7) [31], other massive BHs
such as Sagittarius A* [32, 33] or even stellar-mass BHs [34]
present extreme low spin parameters with a∗ ≤ 0.1, where the
slowly rotating Kerr BH approximation [35] might be appro-
priate. Regarding the plunging PBH, even moderate values of
a∗ do not modify substantially the fundamental results of this
paper, as discussed later in Sec. IV.
Assuming that the energy parameter E = (2 − 1)/2, re-
lated to the PBH impact parameter, is greater than the max-
imum of the Schwarzschild effective potential Veff (where 
corresponds to the conserved energy per unit rest mass), the
approaching PBH describes a radial plunge orbit into the cen-
ter of the CBH [36] (please, see again Fig. 1(a)). Although
other kind of orbits in the Schwarschild geometry should not
be discarded (namely, the scattering or circular stable orbits)
they have not been taken into consideration in our model,
provided that a close approximation to the CBH event hori-
zon is not achieved, as briefly discussed. In the present case
(where the extreme mass ratio approximation is valid, i.e.,
MP  MC and the probe limit applies) the background
spacetime is dominated by the CBH, practically undistorted
by the presence of the PBH [29, 37, 38] while the tidal forces
between both BHs can be neglected. It can be also ignored
the horizon deformations when the PBH comes closer to the
heavier BH event horizon.
Recently, Li et. al [29] described a gradual reduction of
the PBH gravitational redshift (GRS) factor as it approaches
the CBH horizon (i.e., the supermassive BH redshift factor
dominates over the PBH one). As a consequence, the PBH
emission towards the heavier hole will be more blushifted re-
sulting in an increase of the light BH Hawking temperature
T (D) as the horizon separation reduces [29]
T (D) = TH,∞
(
1 +
rsC
D
)1/2
, (1)
where rsC corresponds to the Schwarschild radius of the CBH
and TH,∞ the PBH Hawking temperature measured in the iso-
lated case
TH,∞ = (6.169× 10−8) M
MP
, (2)
in Kelvin units. After simple inspection of Eq. (1), one no-
tices that the PBH temperature increases significantly as the
horizon separation diminishes and diverges at the CBH event
horizon (that is, when D = 0). Provided that the PBH Hawk-
ing emission is more pronounced for low values of the param-
eter D, the unique relativistic orbit compatible with a strong
gamma-ray emission is the plunging one, rejecting the other
possible orbits in our model.
On the other hand, the PBH evaporation rate due to Hawk-
ing radiation accelerates drastically as the horizon separation
D reduces. This can be easily understood after some elemen-
tary calculations. The PBH radiation power P is obtained via
the Stefan-Boltzmann law
P = −dE
dτ
= APσT
4, (3)
where AP = 4pir2sP is the surface area of the PBH (rsP its
Schwarschild radius), σ the Stefan-Boltzmann constant and
dτ the proper time interval as measured by an observer located
at the plunging black hole. The light hole local temperature
T is given by Eq. (1) and will be considerably high for low
values of the horizon separation D.
Given that the power of the Hawking radiation is the rate
of evaporation energy loss of the PBH and taking into account
Einstein’s mass-energy relation, one can rewrite Eq. (3) as
dMP
dD
= − kev
M2PD
2
, (4)
where it has been taken into account that the PBH moves at
relativistic velocities near the CBH horizon (so the relation
dD ' c dτ holds). It can be observed that the standard M−2P
dependence of the evaporation rate due to Hawking radiation
is found and the evaporation constant kev is determined by
kev =
(
6.169× 10−8)4 16piG2σ
c7
M4r2sC = 8.4× 105r2sC.
(5)
Integrating Eq. (4) over MP from MP,0 (the initial mass
of the PBH) to zero (complete evaporation) and over D from
infinity (that is, when the PBH is initially far away from the
CBH) to Dev (i.e., the horizon separation when total evapora-
tion occurs), one obtains
Dev =
3Kev
M3P,0
. (6)
In our case (where the CBH is a supermassive black hole and
rsC ' 1010 m), the evaporation separation Dev ' 10−25
m for a infalling PBH of 1017 kg. This tiny value of Dev
indicates that a very close approximation to the CHB hori-
zon is achieved (i.e., Dev  rsP). In fact, the PBH should
have been captured by the SMBH before the total evaporation
has occurred. For heavier PBHs and more massive CHBs the
evaporation distance Dev is higher, resulting in an early total
evaporation, a possible situation but out of the scope of this
article.
As previously stated, the emission process associated with
the PBH evaporation is the Hawking radiation, which can be
well approximated by a Planckian distribution with tempera-
ture T for a distant observer [27, 28]) and depends on the hori-
zon separation D [29]. It has been reported that the Planckian
Hawking radiation might be modified by physical effects such
us graybody factors or adiabaticity constraints [39, 40] being
this discrepancy more evident for rotating BHs. Within our
initial slowly rotating PBH approximation, it is thus appropri-
ate to model the Hawking emission as a blackbody radiator.
3The well-known Planck’s blackbody radiation law de-
scribes the amount of spectral radianceRν , emitted by a black
body in thermal equilibrium at temperature T , as a function of
the frequency ν
Rν =
2pihν3
c2
1
exp
[
hν
kBT
]
− 1
, (7)
where the wavelength of maximum emission λmax obeys the
Wien’s displacement law
λmaxT =
c T
νmax
= bW . (8)
However, as predicted by Einstein’s GR, light moving against
an intense gravitational field experiences a gravitational red-
shift moving its wavelength to higher values. The GRS might
is properly calculated in terms of the CBH Schwarschild coor-
dinate r (in our case, the distance from the center of the CBH
to a given PBH’s surface element)
ν =
√
1− rsC
r
νr = γ(r) νr, (9)
where νr corresponds to a particular frequency emitted by
our PBH and ν the measured frequency observed at infinite
distance from the gravitational field. This gravitational red-
shift will be more noticeable in zone (A) (that is, nearer to
the CBH) than in the outermost zone (B) (please, see Fig.
1(b)). This distinction between different GRS regions should
be taken into consideration as the PBH approaches the CBH
horizon and the finite size of the infalling BH cannot be ne-
glected.
In order to compute the total PBH spectral power R˜ν mea-
sured by a distant observer (in watts per unit frequency),
an integration process should be carried out to take into
account the contribution of each surface element dΣ =
(2pir rsP dr)/(rsP + r1) (please, see again Fig. 1(b))
R˜ν =
2pihν3
c2
∫ r1+2rsP
r1
γ−3(r)
exp
[
hν
γ(r)kBT
]
− 1
dΣ, (10)
where the PBH Hawking temperature for a distant observer
T is given by Eq. (1). Given that only a fraction of the to-
tal power emitted by our PBH reaches the Earth, the reduc-
tion factor (rsP/ds)2 should be included in Eq. (10). In other
words, it is considered that the PBH subtends a very small
solid angle Ω so, essentially, we are calculating the PBH flux
density Fν , as briefly discussed. Furthermore, since half the
PBH’s surface contributes to the emitted radiation, Eq. (10)
should be divided by 2pi(rsP)2 to derive the following expres-
sion for Fν (in watts per unit frequency and unit surface)
Fν =
1
d2s
hν3
c2
∫ r1+2rsP
r1
2pir rsP
rsP + r1
γ−3(r)
exp
[
hν
γ(r)kBT
]
− 1
dr.
(11)
It is useful to express the PBH Hawking radiation in terms
of the νFν fluence spectrum, in which case, the γ(r) factor
must also be taken into account in the integration process
νFν =
1
d2s
hν4
c2
∫ r1+2rsP
r1
2pir rsP
rsP + r1
γ−4(r)
exp
[
hν
γ(r)kBT
]
− 1
dr.
(12)
Given the analytical complexity of Eqs. (11) and (12), a nu-
merical procedure should be performed in order to compute
the PBH emitted radiation.
As a preliminary step, let us analyze the astrophysical
scenario where an infalling all-dark-matter PBH (MP '
2.5 × 10−13M) moves towards a supermassive black hole
of 4 × 106M (with an Schwarschild radius of 6 × 109 m)
at 70 Mpc. For this purpose, we describe in Fig. 2 the PBH
flux density Fν in Jansky (Jy) as a function of the observed
frequency ν calculated numerically via Eq. (11). The differ-
ent curves show the closeness of the PBH to the CBH in terms
of the horizon separation parameter D. As it can be noticed,
Fν obeys the classical Planck’s distribution in all cases with
a thermal emission peak experimentally unviable (approxi-
mately 10−43 Jy) for the isolated case (that is, when the PBH
is at infinite distance from the heavy BH). As the distance be-
tween horizons reduces, the flux density Fν grows towards the
PBH evaporation event.
An important aspect that must be commented is the time
evolution of the proposed scenario within the general rela-
tivity postulates: as the PBH moves towards the CBH event
horizon (and relativistic velocities are involved), the proper
time interval ∆τ (as measured by a local observer) would be
considerably small compared to the coordinate time interval
∆t experienced by a distant observer. As a consequence, the
infalling process might be slowed down and experimentally
detectable within the time interval ∆t as GRBs of different
durations (depending on the binary BH mass ratio). We will
discuss this topic in more detail in Sec. III.
It is also worth mentioning that the CBH accretion disk con-
tribution to the gamma-ray emission has not been considered
in our model. Although recent research has reported a nonac-
creting stellar-mass BH (i.e., a BH that does not interact vio-
lently with its environment) [41], more massive BHs are ex-
pected to possess an accretion disk with a significant high-
energy emission of radiation. Under certain circumstances
(i.e., when the PBH complete evaporation occurs at a signifi-
cant distance from the CBH event horizon), the accretion disk
flux density might dwarf the PBH Hawking radiation. Only
when the PBH is sufficiently close to the CBH horizon (and,
consequently, the Hawking temperature undergoes a signif-
icant rise) the corresponding flux density will not be over-
shadowed by the accretion disk emission. Moreover, provided
that there exist different GRBs emission mechanisms (such as
the non-thermal synchrotron emission [42–45] or the Comp-
tonized quasi-thermal bursts [46–48]) according with different
astrophysical scenarios (mainly, gravitational collapse events
from massive progenitors or compact merger episodes), it is
fundamental to perform an exhaustive spectral analysis of the
Hawking flux density (Eq. (11)) in order to discern its proba-
ble primordial black hole origin. This numerical analysis will
be carried out in detail in the next section.
4Figure 1: (Color online) (a) Schematic representation of our binary BH scenario: a mass-constrained PBH approaches a Schwarschild-type
BH (the so-called central black hole). Under an appropriate impact parameter, the PBH describes a radial plunge orbit into the center of the
CBH. The PBH radial coordinate is expressed as r1, (b) a closer look into the infalling PBH: emitting surfaces nearer to the CBH (zone A)
experience more gravitational redshift than the furthest ones (zone B). Each surface element dΣ undergoes the same gravitational redshift and
plays a fundamental role in numerical computation.
Figure 2: (Color online) PBH flux density Fν versus the frequency
ν for different horizon separations D, calculated numerically via Eq.
(11). The BH masses where chosen to be MP = 2.5 × 10−13M
(an all-dark-matter PBH) and MC = 4× 106M at 70 Mpc. It can
be observed that Fν obeys the classical Planck’s distribution with a
well-defined thermal emission peak.
III. NUMERICAL ANALYSIS OF THE PBH EMISSION
PEAK
As a next step, let us now investigate how the maximum
flux density F (max)ν depends on the binary BH masses. As a
matter of fact, this peak energy should obey a modified Wien’s
displacement law in terms of the PBH and CBH masses.
Firstly, a wide range of PBH masses (from 10−17 −
10−11M) is chosen, maintaining the CBH mass at a constant
value of 4 × 106M at 70 Mpc. As previously commented,
a significant part of the missing dark matter is assumed to lie
within this range with a prominent peak (the so-called PBH
as all dark matter) at about 2.5 × 10−13M [24]. To this
end, we show in Fig. (3) the maximum flux density F (max)ν
calculated numerically via Eq. (11) versus the frequency for
different PBH masses. One observes that for a given νmax,
the PBH flux density increases for higher values of MP, a fact
that at first sight appear to be contrary to what one might ex-
pect for heavier PBHs (where the Hawking temperature for
an isolated PBH is lower). Basic numerical calculations from
Eq. (11) show that the contribution of the solid angle δΩ to
the total PBH flux density is greater than the thermal compo-
nent (Eq. (1)) for very close horizon approximations, result-
ing in greater F (max)ν values for heavier PBHs (let us recall,
for a fixed CBH mass). In addition, the maximum flux den-
sity presents a cubic dependence on νmax, in consistency with
Wien’s displacement law (as clearly deduced after introducing
5Figure 3: (Color online) Maximum flux density F (max)ν for differ-
ent PBH masses versus the frequency νmax, calculated numerically
via Eq. (11). The CBH mass was selected to be 4 × 106M at 70
Mpc. The inset shows the intercept aP as a function of different PBH
masses MP.
Eq. (8) into Eq. (7))
logF (max)ν = aP + log ν
3
max, (13)
where the intercept aP is represented in the inset of Fig. (3) as
a function of MP
log aP = −38.34 + logM1/2P . (14)
It must be emphasized that Eq. (13) only explains the maxi-
mum flux density F (max)ν at large frequency values (i.e., when
the PBH is approaching the CBH horizon). Tough this is
our case of interest, an analytical expression covering lower
frequencies should be derived for completeness. As νmax
decreases, the parameter F (max)ν tends to the isolated case
(please, see again Fig. (2)) where the PBH Hawking radiation
is not affected by the CBH influence. Hence, an additional
term should be included in Eq. (13) to take into considera-
tion the low-frequency contribution. After a simple numerical
curve fitting, Eq. (13) can be rewritten as
logF (max)ν = aP+log ν
3
max−10 exp
[
−30 log
(
νmax
νmax,∞
)]
,
(15)
where νmax,∞ = (c TH,∞)/bW represents the frequency of
maximum emission of the isolated PBH at Hawking tempera-
ture TH,∞ (please, see Eq. (2)).
Once investigated the F (max)ν dependence on the PBH
mass, a counterpart analysis of the CBH mass contribution is
carried out. In this case, an all-dark-matter PBH has been se-
lected to perform our numerical calculations, where the CBH
mass was varied between a typical stellar-mass BH (10M)
to a supermassive one (1010M) at 70 Mpc. All this numer-
ical research is depicted in Fig. (4) where the maximum flux
Figure 4: (Color online) Maximum flux density F (max)ν for different
CBH masses versus the frequency νmax (numerical calculations from
Eq. (11)). The PBH mass corresponded to the all-dark-matter case
(2.5× 10−13M) at 70 Mpc. The inset shows the intercept aC as a
function of different CBH masses.
density is shown for different CBH masses. It can be noticed
that F (max)ν is greater for supermassive BHs than for low-
mass CBHs (for example, the difference between an IMBH
and a SMBH is about nine orders of magnitude). This is in
agreement with a PBH temperature increase for heavier CBH
companions (please, see again Eq. (1)). Moreover, the cu-
bic dependence of the maximum flux density on νmax is also
found
logF (max)ν = aC + log ν
3
max, (16)
where the intercept aC is displayed in the inset of Fig. (4) as a
function of MC
log aC = −54.54 + logM3/2C . (17)
Taking into account both the binary BH masses (via Eqs.
(13) and (16)) as well as the inverse-square contribution of ds,
the next theoretical expression for F (max)ν is derived
logF (max)ν = −44.55 + log
(
M
1/2
P M
3/2
C
d2s
)
+ log ν3max
− 10 exp
[
−30 log
(
νmax
νmax,∞
)]
, (18)
where the flux density in expressed in Jy, νmax in MHz, ds in
Mpc and the BH masses in M. It should be noticed that the
second term in Eq. (18) tends to unity at higher frequencies
(that is, when the PHB is approaching the CBH horizon), so
a simplified expression for the maximum flux density, prior to
the PBH total evaporation, can be written as
F (max)ν = (2.8× 10−45)
[
M
1/2
P M
3/2
C
d2s
ν3max
]
. (19)
6The theoretical result given by Eq. (19) provides an use-
ful tool to analyze the time-resolved spectral components of
prompt emission of GRBs, particularly in the first instants of
the gamma-ray emission when the PBH is close enough to the
CBH event horizon. With this aim, we represent in Fig. (5(a))
our numerical results from Eq. (12) where the νFν fluence
spectrum is shown for an all-dark-matter PBH plunging into a
IMBH of 5 × 104M at 247 Mpc. As an indicative manner,
the dotted lines stand for the sensitivities of the Joint Euro-
pean X-Ray Monitor (JEM-X) and INTEGRAL spectrome-
ter (SPI) for 1 year in the KeV-MeV level [49]. A growing
flux is achieved as the horizon separation D decreases, with
measurable time intervals between different PBH approxima-
tions. The associated flux density curves Fν are illustrated in
Fig. (5(b)) as a function of the energy and calculated numer-
ically via Eq. (11). The squares represent the F (max)ν values
which are in good agreement with our theoretical expression
Eq. (19).
It is important to note that the observed GRB duration is re-
lated to the PBH infalling until its complete evaporation, and
that this time interval is connected with the GR coordinate
time (as measured by a distant observer). Our time calcula-
tions in Fig. (5(a)) have been performed in the particular case
of a radial plunge orbit starting from infinity with zero kinetic
energy. Provided the simplified view of this initial condition,
the coordinate time intervals shown in Fig. (5(a)) are of ap-
proximate nature. Accordingly, the coordinate time interval
∆t for a non-spinning PBH approaching a CBH from infinity
to a given Schwarschild coordinate r is given by [36]
∆t =
rsC
c
[
−2
3
r
3/2
P + 2r
1/2
P + ln
(
r
1/2
P + 1
r
1/2
P − 1
)]
, (20)
where the parameter rP is the normalized PBH radial coordi-
nate to the CBH radius rsC (that is, rP = r/rsC). It is also
worth noting that the motion of the PBH in the CBH spacetime
is affected by its proper spin (as, for example, the innermost
stable circular orbits [35]). In other words, the PBH rotation
might affect the coordinate time calculations performed via
Eq. (20). Nevertheless, as previously mentioned, for small
PBH spin parameters our coordinate time estimations might
not vary significantly.
On the other hand, the coordinate time interval ∆t is larger
for more massive CBHs than for stellar-mass ones, as eas-
ily deduced from Eq. (20). Indeed, for a 10M stellar-mass
BH, the GRB time interval is in the order of milliseconds
(that is, a short GRB) while for a SMBH like Sagittarius A*,
∆t is approximately a few tens of minutes. Additionally, the
time-resolved spectral curves (as already detailed in Fig. (5))
are compatible with thermal-dominant GRBs during an ini-
tial emission phase [50–52]. Nonetheless, our model cannot
explain the extra emission in the optical and X-ray domain
at later stages of the GRBs (i.e., the so-called "afterglows"),
where the PBH evaporation process is totally completed. It is
quite plausible that the referred afterglows should be of short
duration with a rapid flux density decrease immediately after
the PBH total evaporation.
Figure 5: (Color online) (a) Fluence spectrum νFν of an infalling
all-dark-matter PBH towards an extragalactic IMBH of 5× 104M
at 247 Mpc (numerical results performed via Eq. (12)). As an indica-
tive manner, the sensitivities of the Joint European X-Ray Monitor
(JEM-X) and INTEGRAL spectrometer (SPI) for 1 year are illus-
trated. The coordinate time interval (as calculated using Eq. (20))
between different horizon separations D are also shown, (b) the cor-
responding PBH flux density values Fν obtained numerically from
Eq. (11). The squares represent the values of the maximum flux den-
sity F (max)ν , which are in good agreement with our theoretical result
Eq. (19).
IV. SUMMARY AND CONCLUSIONS
Summarizing, an astrophysical scenario where a reduced-
sized PBH undergoes a radial plunge orbit into a more mas-
sive CBH is reported as an intense gamma-ray emission
event. Previous research presented different infalling situa-
tions where small sublunar-mass PBHs are captured by com-
pact stars, white dwarfs or neutron stars producing different
GRBs [53]. In our case, the mass-constained PBH will evap-
orate before reaching the CBH event horizon emitting a mea-
surable amount of thermal gamma-ray radiation during the
plunging. The first stage of such thermal-dominant GRBs
might be identified via our theoretical result Eq. (19). Given
the limited existence of this gamma-ray prompt emission [54]
(unlike the non-thermal counterpart), it might be assured that
7the abundance of the binary BH scenario proposed in this ar-
ticle should be limited, but not discarded.
Furthermore, the PBH emission might be affected by its
own rotation, as commented in Sec. II. In this situation, the
PBH Hawking temperature depends on the spin parameter a∗
as follows [55]
TH,∞ =
[
(6.169× 10−8) M
MP
] (
2
√
4− a2∗
2 +
√
4− a2∗
)
, (21)
which is a generalization of the Schwarschild-type Hawking
temperature Eq. (2). For slowly-rotating PBHs (even for mod-
erate ones with 0.3 ≤ a∗ ≤ 0.5), TH,∞ is not substantially
modified as the PBH approaches the CHB horizon (a sim-
ple conclusion reached after simple inspection of Eq. (21)).
Hence, our fundamental results described in the previous sec-
tions remain the same.
In conclusion, the PBH Hawking radiation from these plau-
sible astrophysical events might constitute an indicator that
provides reasonable evidence of such low-mass primordial ul-
tracompact objects.
Acknowledgments
The author warmly acknowledges Huiquan Li for helpful
discussions and comments on Hawking radiating black holes
in the extreme mass limit and appreciates the valuable sugges-
tions of M. Ortuño and E. Joshua in reviewing the manuscript.
O. del Barco gratefully thanks research support from Fun-
dación Séneca - Agencia de Ciencia y Tecnología de la Región
de Murcia (19897/GERM/15).
[1] A. Einstein, Sitzungsber. K. Preuss. Akad. Wiss 2, 844 (1915).
[2] K. Schwarzschild, Sitzungsber. K. Preuss. Akad. Wiss 1, 189
(1916).
[3] D. Finkelstein, Phys. Rev. 110, 965 (1958).
[4] M. D. Kruskal, Phys. Rev. 119, 1743 (1960).
[5] R. P. Kerr, Phys. Rev. Lett. 11, 237 (1963).
[6] E. T. Newman, J. Math. Phys. 6, 918 (1965).
[7] S. W. Hawking, Phys. Rev. D 14, 2460 (1976).
[8] S. B. Giddings, Nat. Astron. 1, 0067 (2017).
[9] R. A. Remillard and J. E. McClintock, Annu. Rev. Astron. As-
trophys. 44, 49 (2006).
[10] B. P. Abbott et al., Phys. Rev. Lett. 116, 061102 (2016).
[11] B. P. Abbott et al., Phys. Rev. X 6, 041015 (2016).
[12] K. Akiyama et al., Astrophys. J. Lett. 875, (L1-L6) (2019).
[13] Y. B. Zeldovich and I. D. Novikov, Sov. Astron. 10, 602 (1967).
[14] S. W. Hawking, Mon. Not. R. Astron. Soc. 152, 75 (1971).
[15] B. J. Carr and S. W. Hawking, Mon. Not. R. Astron. Soc. 168,
399 (1974).
[16] G. F. Chapline, Nature (London) 253, 251 (1975).
[17] B. Carr, F.Kühnel and M. Sandstad, Phys. Rev. D 94, 083504
(2016).
[18] B. J. Carr, K. Kohri, Y. Sendouda and J. Yokoyama, Phys. Rev.
D 81, 104019 (2010).
[19] Ackermann et al., Astrophys. J. 857, 49 (2018).
[20] S. Shandera, D. Jeong and H. S. Grasshorn Gebhardt, Phys.
Rev. Lett. 120, 241102 (2018).
[21] R. Magee et al. Phys. Rev. D 98, 103024 (2018).
[22] B. P. Abbott et al. and S. Shandera, Phys. Rev. Lett. 121,
231103 (2018).
[23] M. Sasaki, T. Suyama, T. Tanaka and S. Yokoyama, Class.
Quantum Grav. 35, 063001 (2018).
[24] K. Inomata, M. Kawasaki, K. Mukaida, Y. Tada and T. T.
Yanagida, Phys. Rev. D 96, 043504 (2017).
[25] G. Ballesteros and M. Taoso, Phys. Rev. D 97, 023501 (2018).
[26] N. Bartolo, V. De Luca, G. Franciolini, M. Peloso, D. Racco
and A. Riotto, Phys. Rev. D 99, 103521 (2019).
[27] S. Hawking, Nature (London) 248, 30 (1974).
[28] S. Hawking, Commun. Math. Phys. 43, 199 (1975).
[29] H. Li and J. Wang, arXiv:2002.08048 (2020).
[30] D. Lin et al., Astrophys. J. Lett. 892, L25 (2020).
[31] C. S. Reynolds, Nat. Astron. 3, 41 (2019).
[32] A. E. Broderick, V. L. Fish, S. S. Doeleman and A. Loeb, As-
trophys. J. 735, 110 (2011).
[33] A. E. Broderick et al., Astrophys. J. 820, 137 (2016).
[34] A. B. Nielsen, J. Phys. Conf. Ser. 716, 012002 (2016).
[35] P. I. Jefremov, O. Yu. Tsupko and G. S. Bisnovatyi-Kogan,
Phys. Rev. D 91, 124030 (2015).
[36] J. B. Hartle, An Introduction to Einstein’s General Relativity
(Adisson Wesley, 2003).
[37] S. L. Detweiler, Phys. Rev. Lett. 86, 1931 (2001).
[38] R. Emparan and M. Martinez, Class. Quant. Grav. 33, 155003
(2016).
[39] M. Visser, J. High Energy Phys. 2015(7), 9 (2015).
[40] B. Broda, Eur. Phys. J. C 77, 756 (2017).
[41] Th. Rivinius, D. Baade, P. Hadrava, M. Heida and R. Klement,
Astron. Astrophys. 637, L3 (2020).
[42] W. Deng, H. Li, B. Zhang and S. Li, Astrophys. J. 805, 163
(2015).
[43] P. Beniamini, R. Barniol Duran and D. Giannios, Mon. Not. R.
Astron. Soc. 476, 1785 (2018).
[44] J.-J. Geng, Y.-F. Huang, X.-F. Wu, B. Zhang and H.-S. Zong,
Astrophy. J. Suppl. S. 234, 3 (2018).
[45] A. Lazarian, B. Zhang and S. Xu, Astrophys. J. 882, 184 (2019).
[46] P. Beniamini and D. Giannios, Mon. Not. R. Astron. Soc. 468,
3202 (2017).
[47] A. Pe’Er and F. Ryde, Int. J. Mod. Phys. D 26, 1730018 (2017).
[48] Y.-Z. Meng, L.-D. Liu, J.-J. Wei, X.-F. Wu and B.-B. Zhang,
Astrophys. J. 882, 26 (2019).
[49] A. DeAngelis et al., J. High Energy Astrophys. 19, 1 (2018).
[50] G. Ghirlanda, A. Celotti and G. Ghisellini, Astron. Astrophys.
406, 879 (2003).
[51] Z. Bosnjak, A. Celotti and G. Ghirlanda, Mon. Not. R. Astron.
Soc. 370, L33 (2006).
[52] G. Ghirlanda, Z. Bosnjak, G. Ghisellini, F. Tavecchio and C.
Firmani, Mon. Not. R. Astron. Soc. 379, 73 (2007).
[53] V. Takhistov, Phys. Lett. B 789, 538 (2019).
[54] L. Liang, Astrophys. J. Suppl. S. 245, 7 (2019).
[55] K. Murata and J. Soda, Phys. Rev. D 74, 044018 (2006).
